and developing countries [1, 2] . The determining factors of the incidence and severity of child malnutrition are multiple and many times result from the sum of several of them. Among these factors, stand out the miserable conditions in which they live, the high birth rate, the hypoproteic diet, the deficient supply of vitamins and minerals, the intestinal malabsorption resulting from parasite infections and chronic diseases [3] . Parasite infections are an important public health problem, as they cause anemia due to iron deficiency, malabsorption of nutrients and diarrhea, among the main ailments [4] . The high prevalence of parasitoses is often associated with fecal contamination of drinking water and the soil, or of food, together with deficient sanitary and socio-cultural conditions [1, 5] .
Introduction
The nutritional status should be evaluated frequently, mainly in the pediatric population that lives in tropical regions In Mexico, just like in countries with similar socioeconomic characteristics, intestinal parasitoses and malnutrition are considered public health problems [3] . To understand their importance, it must be pointed out that the General Direction of Epidemiology reports parasitoses within the 20 principal causes of morbidity and mortality. Among them, those caused by helminths occupy the 7th place in the population of 4 to 8 years of age, with 57 744 cases per 100 000 inhabitants, and in the 10 to 14 years group at the 9th position with an incidence of 18 645 cases. Chronic malnutrition (low size, low weight) in the country amounts to 13.6%, representing 1.5 million children less than 5 years of age with low weight (2.8%) and emaciation in 1.6% [11] . This fact becomes more acute in socioeconomic excluded rural populations that live in extreme poverty, where intestinal parasitoses have been reported at frequencies of 53.2% [12] , 62.8% [13] and 67% [14] .
The objective of this work was to evaluate the relation between the nutritional status and parasitic infections in children living in a socioeconomic excluded rural community of the state of Guerrero, Mexico.
Material and Methods
Huajintepec is located in the municipality of Ometepec, in the state of Guerrero, Mexico, at GPS coordinates: length (dec): -98.230000; latitude (dec): 16.609444 at 330 m above sea level. The population of Huajintepec was originally indigenous; currently Mestizos predominate with a total population of 2345 inhabitants, 1164 men and 1181 women. It has 541 living quarters, 275 with soil floor, and 124 have only one room; 89 people live in indigenous homes, 310 of all dwellings have sanitary installations, 447 are connected to public services, 515 have access to electricity. Their diet is generally based on corn, pumpkin, rice, beans, and chilies. Corn is cultivated manually under the slash-and-burn system, using a machete, pickaxe, and rarely ox teams. Some inhabitants raise bovine and caprine cattle, but at a low scale. In general, the population depicts precarious sanitary conditions; some families has no sewage. Regarding potable water, most families drink water from the well or river, they do not boil the water despite their saying the contrary [15] .
Study design
During September 2013, a descriptive exploratory, crosssectional study was performed aimed at evaluating the nutritional status of a sample of the child population of Huajintepec, Guerrero. We studied 250 children from 2 to 12 years of age. They were subjected to a series of three parasitoscopic (PS) tests, and their nutritional status was assessed.
The people were reached by addressing the school authorities in an elementary school, where informative and explanatory talks were given, initially addressing school authorities and teachers, and then involving parents and students to generate interest and get them involved in the study. During the talks, the parents and/or tutors received an informed consent form to authorize the participation of their children in the study. They were briefed on how to gather the fecal sample and were given polypropylene recipients with screw-on lids containing 50 mL of 10% formaldehyde diluted in isotonic saline solution. Studies complied with the Helsinki Declaration [16] . A collection of fecal samples labeled with the name, age, gender, and school grade was performed at the school facilities. At the time of reception, samples were placed in a portable cold network for their transport to the Laboratory of Human Parasitology of the Universidad Autónoma Metropolitana-Xochimilco (UAM-X), in Mexico City.
Evaluation of the nutritional status
To assess the nutritional status of the children, the Body Mass Index (BMI) was used; this measures the association between weight and height. It is calculated by dividing the weight in kilograms by the height in Meters squared (kg/m 2 ). Weight and size were obtained with a pedestal scale provided with a stadiometer (Torino), and an accuracy of 100 g. The techniques to obtain the weight and height of each child included: each child was weighed with the minimal amount of clothes and without shoes. In a firm standing position they were placed in the middle of the scale, that is, with ankles touching and the tips of feet separated 45° between them, the back straight, arms hanging on the sides naturally and the gaze to the front, aiming at the external orifice of the auditory conduct and the lower margin of the orbit were in a parallel plane to the surface of the floor. Once in correct position, the horizontal bar of the stadiometer was placed on the sagittal suture of the skull to measure height. Once the BMI had been obtained, the nutritional status of each child was categorized according to the parameters of WHO [4] Table1. 
Statistical analyses
The obtained data were organized and coded in SPSS software. Frequencies and contingencies tables were elaborated. In addition, statistical association tests were applied (X2 and Fisher's exact test) with a confidence interval (CI) of 95%. BMI was related to age, gender, and the presence of parasites.
Results
This study included 250 children; the distribution according to gender was very similar; 50.8% corresponded to boys and 49.2% to girls. Low weight was found in 82.4% of children, and 68.0% were parasitized. Figure 1 shows the distribution of the frequencies obtained for the BMI evaluation of the studied population. As observed, most children were between 15 (kg/ m Table 3 shows the results for E. coli in the different age groups, p < 0,021. Results according to age groups showed the presence of E. coli in school children of the first, second, and third grade with a p < 0.015. E. histolytica was identified in the same age groups at p < 0.016 (Table 5 ).
Discussion
Prevalence of parasitoses and malnutrition in Mexico, like in many developing countries, is related to exposure to unhealthy environments that foster the presence, persistence, and dissemination of intestinal parasites, as well as to the ) is considered as second-degree malnutrition and was found in 46.4% of all children ( Figure 2 ). Results, in general, showed that the BMI of 4-year-old children was significantly lower than that presented by children of 10 to 12 years, p < 0.05 ( Figure 3) . A 68.0% of children were parasitized, with predominance in children of 6 to 8 years of age. Table 2 shows the frequencies and percentages of the found protozoan and helminths. As observed, the total frequency of commensal protozoan and parasites was of 203 (81.2%) and of helminths was 75 (30.0%). 
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Copyright: © 2015 Presas et al. Regarding the nutritional status, results of this study reveal that 82.4% of the children were underweight and 68% coursed with intestinal parasitoses. This high percent of malnutrition could mean that the deterioration of the nutritional status originated from deficiencies in the quantity and quality of their food starting at the time of maternal milk weaning, a period in which gastrointestinal infections and malnutrition generally start, as until then the infant had been protected by breast feeding. Studies performed by Solano et al. [22] in the South of Valencia, the state of Carabobo in Venezuela, revealed 37.0% of malnutrition and 49.6% were parasitized. In Mexico, Gutiérrez-Jiménez et al. in 2013 [13] , studied 250 indigenous children from three communities in the South of Mexico and found values of over 40% of different degrees of malnutrition. Amare et al. [23] , reported, in Ethiopia, 25.5% of malnutrition, a value quite below the one found in the present study.
There are many different factors that contribute either directly or indirectly to the presence of nutritional concerns. Among them, consumption of an inadequate diet and the presence of intestinal infections, which interfere with the absorption and utilization of the ingested nutrients, stand out. Indirect causes are related to the economical conditions of the people, i.e., the levels of poverty, which is considered the main cause of malnutrition, aside from the insufficient availability of food both qualitatively and quantitatively. The limited access to food and the deficient quality of health services constitute the binomial malnutritioninfection [1] .
The nutritional status of the preschool and school population is directly related to the growth and development of their future life stages. To attain an optimal development, it is essential for the child to receive adequate feeding, mainly during the first year of life, in which growth and brain development are fundamental; if not, functional and structural irreversible alterations, even death, can occur. To protect the child during this period, breastfeeding is essential [6, 7, 24, 25] .
The high malnutrition index detected in the children of second and third-grade results, from the socioeconomic, cultural and ecological conditions prevailing in the studied community. Poverty is the factor responsible for the high degree of child malnutrition and constitutes the axis that conditions the lack of resources, the poor access to education, inadequate ingestion of foods (most feed on a hypocaloric and hypoproteic diet), and repeated disease events. These events in the short term influence the high morbidity and mortality indices, and in the long term are manifested in a lower intellectual capacity and a higher propensity to develop metabolic and cardiovascular diseases [15] .
Chronic malnutrition is more frequent in children under 5 years of age, a period in which it contributes largely to the high morbidity and mortality indices. A child with chronic malnutrition presents delayed growth characterized by a low size for the age, indicating that the individual has been subjected to long periods of lacking the necessary nutrients, sacrificing the size to maintain the energy required to maintain the function of vital organs, and increasing the risk for diseases and alterations of the physical and intellectual development [24] . The delay in growth can have started before birth, while still in the womb; being more marked during pregnancy and during the first 2 years of life, consequences are irreversible and will be apparent for the rest of the individual's life [3] . Because of the influence that the nutritional status can have on the incidence of intestinal parasitoses, it is advisable to evaluate them as early as possible to facilitate the necessary actions to warrant an optimal development and growth.
Poverty and the deficient health conditions derived from it can contribute to helminths and protozoan infections that will impact the nutritional status of the individual. It is important to point out that intestinal parasites, through different mechanisms related to the type of enteropathogen, deprive the organism of nutrients [22] . To understand how and why intestinal parasites affect the nutritional status of children it is necessary to mention the possible mechanisms by which the intestinal parasites found in this study deprive the organism of the nutrients and, hence, foster malnutrition of the host. One of these mechanisms is the inflammatory response mediated by cytokines that produces loss of appetite, aside from having a deleterious effect on the metabolism of proteins [26] . Another involved mechanism is a diminution in the intestinal absorption of nutrients, due to an increase in intestinal peristalsis caused by injuries to the mucosa or the presence of a large amount of parasites in the duodenal epithelium. This is the case of Giardia lamblia infection, which exerts an adverse effect on growth and development affecting the nutritional status by impeding absorption of nutrients, vitamins A, D, E, K, B12, folic acid, and fatty acids. The atrophy of intestinal villi caused by the parasite diminishes the production of disaccharides affecting absorption of lactose, saccharide, and maltose. The characteristic post-prandial abdominal pain caused by G. lamblia drives children to stop eating [27] . Some reports suggest that the mechanism by which the infection affects the nutritional status is through the diminution in food ingestion and changes in eating preferences, as a consequence of sensory, neuronal and hormonal factors that modulate food ingestion [22] .
Infection by E. histolytica is more frequent in individuals with carbohydrate-rich and protein-depleted diets. This parasite affects the nutritional status of the child by sacking the nutrients from the ingested food and avoiding their absorption mainly by increasing intestinal peristalsis through mucosal damage and producing diarrhea with mucus and blood (amoebic dysentery). The effects on the nutritional status depend on the existing nutritional status, the susceptibility of the host, and the virulence of the strain [28] .
For the nutrition-parasitosis association, a higher prevalence of intestinal parasites has been found in malnourished children. The nutritional deficiency is not easy to explain, mainly when there are multiple coexisting deficiencies in the population within an economically weak environment with precarious sanitary conditions. The deficient sanitary conditions of the studied population derived from poverty foster infections by helminths and protozoan that impact the nutritional status of the individual [28] [29] [30] .It must be noted that in this work, we were able to identify a specific and significant association between E. coli and the high percentage of malnourished children. However, we cannot affirm categorically that microorganism, considered as a commensal protozoan, is a direct cause of malnutrition, because malnutrition is multifactorial and the parasitosis was a contributing factor but not determinant. However, its high frequency is an indicator of the profound environmental, water, and food contamination with human feces [31] .
The overcrowding living conditions affecting 22.9% of the population of Huajintepec facilitate the transmission of hymenolepiasis, helminthiasis, caused by Hymenolepis nana and Hymenolepis diminuta, which are considered as the most frequent cestodiasis in preschool and school children.
H. nana was detected in this study (16.4%). The mechanism of damage to the host is mainly due to the sacking of nutrients from the diet through the tegument of the parasite and by the high number of worms in the host. A person infected with H. nana can increase the number of hosted parasites due to a mechanism of internal or endogenous self-infection, in which the eggs of the parasite can complete their biological cycle inside their own intestine and produce massive infections with great impacts on the growth and development of the host [32] .
Parasitic infections mainly those caused by intestinal nematodes are very prevalent, and their adverse effect on the nutritional status has been demonstrated, particularly in those highly parasitized. Infection with Ascaris lumbricoides, when mild, remains asymptomatic for long periods of time; however, when the infection is severe it can produce severe digestive symptoms, vital risk complications, and nutritional alterations [33] . The parasite interferes with digestion and with the use of ingested proteins, with an increase in the fecal loss of nitrogen, less absorption of fats, and loss of fats in feces, as well as a deficit of vitamin A and lower lactose tolerance. It is estimated that 25 adult ascarids can induce a loss of 4 g of proteins from a diet containing 30 to 40 g of protein, thereby contributing to malnutrition that is manifested by delay in growth and development of infants. In some cases, the presence of just one ascarid can cause a medical emergency that, if not treated, can lead to death [31] . It is worthwhile mentioning that in these conditions, eggs of ascarids can survive up to 15 years [34] .
Conditions of living quarters are clearly recognized for a long time as one of the main social determinants of human health. Among others, the lack of hygiene, precarious sanitary conditions, and overcrowding are some of the risks regarding housing. In the study area, the physical conditions of the environment are favorable for the maturation and permanence of the infective stages of different parasites. Likewise, the habit of roaming around barefooted, of playing on the ground and the deficiency in handling human wastes all constitute an optimal scenario for the transmission of the found geohelminths.
The frequency of Ascaris lumbrioides and Ancylostomatidae found in the studied population of children was favored by the conditions of the floor prevailing in the living quarters; 50.8% of the houses had floors of soils, which is a favorable environment for the development and maintenance of infecting stages of both helminths. Contamination of the soil in the living quarters with wastes from dogs facilitates the transmission of zoonoses, such as: toxocariasis, trichuriasis, and cutaneous larva migrans, also known as creeping eruption [2, 35, 36] . Both humans and dogs become infected by the ingestion of infectious feces of the parasites (that is, larval eggs and free larvae) present in the soil. Toxocariasis is caused by Toxocara canis, ascarid of dogs. In the soil, the eggs evolve to larval eggs in three to four weeks. When these larval eggs are ingested by children of 1 to 4 years with antecedents of geophagia, the larvae released in their intestine migrate through different internal organs where they produce two clinical entities: visceral toxocariasis or visceral larva migrans and ocular toxocariasis or ocular larva migrans, capable of producing visual alterations that can lead to loss of vision in the affected eye [37] .
Trichuriasis is caused by Trichuris trichiura (human trichocephalus), but can be caused occasionally by Trichuris vulpis (canine trichocephalus) as a consequence of the contamination of the soil with feces of parasitized dogs. The eggs of the worm can become embryos in the soil and be infectious [38] [39] [40] .
For Ancylostomatidae, for instance, the larvae of Ancylostoma duodenale, present in the soil contaminated with human feces, penetrate the human skin and reach the intestine. Both Trichuris trichiura and Ancylostoma duodenale are hematophagous, and can cause anemia, mainly in children under 10 years of age, with the corresponding impact on their nutritional status. Uncinariasis is an important factor that favors the development of anemia due to iron deficiency. It has been calculated that infections by 350 Ancylostomatidae cause a daily loss of 10 mL of blood or 2 mg of iron [41] . Iron deficiency is the main cause of anemia in developing countries and the most vulnerable groups are nursing children, preschool and school children, women in reproductive age and pregnant women. In children, the main cause of this deficiency is due to the increase in nutritional iron requirements related to growth during the developmental stage. Additionally, the nutritional iron status of individuals and populations depends on the amount and quality of iron coming from the diet, of its bioavailability in food, and the loss of iron by the organism [20] . Unfortunately, it was not possible to take blood samples in the studied community, because of the sacred role played by blood in these communities based on their religious beliefs. Hence, it was not possible to assess whether the studied community had anemia that could be associated with the malnutrition and the presence of parasites. Anemia is an indirect indicator of iron and other micronutrient (vitamins A, B12, and folic acid) deficiencies, whereas the decrease in the size of children older than 5 years is an indicator of an inadequate diet, usually deficient in nutrients during the first two years of life, particularly in rural communities and in extreme poverty [42] . Larvae from the A. caninum, when entering the skin of children under the age of 5 years produces a dermatitis known as cutaneous larva migrans or creeping eruption [43] .
Although currently there are diverse social campaigns like: the fight against poverty sponsored by the Social Development Ministry (SEDESOL for its acronym in Spanish), "1 kg of help", rounding up of cents when buying at the supermarkets, or the "soccer goal for nutrition"; these are not enough to improve the health status of the population. The anti-parasites campaigns performed twice a year in March-April and August-September, have only been relatively successful in rural areas. However, they are still not enough for the control of protozoan produced by open defecation, since intestinal parasitoses constitute the second most frequent transmissible disease in Mexico. To eradicate definitively enteroparasitoses, antiparasitic treatment must be administered every three months in regions of high endemicity, with more than 50% of infections, this must be associated to hygiene measures and environmental sanitation, such as an adequate disposal of human and animal feces to interrupt the biological cycle of each parasite and thereby diminish dissemination. Likewise, it cannot be postponed any further to improve the food of children less than 5 years of age with diets including the minimal daily requirements of protein to enhance the efficacy of the immune response against parasitoses and to improve the physical and mental development. All these actions will undoubtedly induce a cleaner environment and a better growth and development of the children of this type of communities.
Conclusion
Malnutrition and parasitoses are still important health issues in the mountains of the state of Guerrero, as revealed by the poor nutritional status of the children, which is higher than recently reported for our country by other authors. These findings suggest that factors like the low socioeconomic level, demographic data, and open air defecation are the main causes of intestinal infections and contribute importantly to the poor nutritional status of the population. These data point out the need for an integrated approach, addressed at a reduction of poverty, environmental sanitation based on minimal requirements of electricity, sewage, latrines, and septic tanks, availability of potable water, improvement in the quality of food, preferably with animalorigin proteins, which, besides improving weight development, will contribute to the bioavailability of the hem group to prevent anemia and improve the immune system's performance. In addition to measures like hygiene education, family planning programs, anti-parasitic therapy every three months, to control the transmission of parasites. All these actions will undoubtedly improve the nutritional status and development of children not only in rural areas but of the population in general.
